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(54) STEERING CONTROL DEVICE FOR VEHICLE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To surely operate a lock 
mechanism of a transmission ratio varying mechanism 
by changing a transmission ratio between an input shaft- 
an output shaft by rotary driving of a motor, performing 
an operation control for the motor together with an 
operation control of a driving means and controlling 
locking of a tilting member and a rotating member and 
releasing of the locking. 152- 
SOLUTION: A lock arm 150 is normally energized so as 
to be tilted to a lock holder 140 side with a supporting pin 
152 as a center by an action of a spring 153, a state that 
an engagement projecting part 151 of the lock arm 150 
enters into an engagement recessed part 141 of the lock 
holder 140 is made, the lock holder 140 and the lock arm 

150 are locked each other and a lock state is made. When an electromagnetic coil 154 is 
energized, repulsive force is generated between the coil 154 and a metallic plate 155, the lock 
arm 150 is tilted so as to be away from the lock holder 140, and the engagement projecting 
part 151 of the lock arm 150 is moved to the outside of the engagement recessed part 141 of 
the lock holder 140 and locking of the lock holder 140 and the lock arm 150 is released. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The steering control unit for vehicles which is characterized by providing the following and 
which performs steering control of vehicles. A transfer-ratio adjustable means to have the output shaft 
connected with an input-shaft [ which is connected with a steering handle side ] 5 and ****** side, and to 
change the transfer ratio between input-shaft-output shafts by the rotation drive of a motor. A rotation 
position detection means to detect the rotation position of the aforementioned motor, tilting supported 
free [ tilting ] to the stator side which constitutes the aforementioned motor — a member Lock control 
means it is fixed to the driving means to which the aforementioned tilting member is made to tilt, and 
Rota which constitutes the aforementioned motor, carry out the motion control of a motor with the 
aforementioned tilting member, the rotation member which has the section which can be stopped, and 
which can be stopped at intervals of predetermined, and the motion control of the aforementioned 
driving means, and control a stop with the aforementioned tilting member and a rotation member, and 
stop release. 

[Claim 2] the aforementioned lock control means — the aforementioned tilting member - rotation — a 
member — the aforementioned rotation detected by the tilting control means which make the 
aforementioned driving means drive, and the aforementioned rotation position detection means so that it 
may tilt to a side — the steering control unit [ equipped with the rotation position of a member, and the 
rotation drive motor-control / motor / aforementioned ] means based on a position error with the 
aforementioned section which can be stopped / according to claim 1 for vehicles 
[Claim 3] the aforementioned lock control means — the aforementioned tilting member — rotation — a 
member — the steering control unit for vehicles according to claim 1 equipped with the tilting control 
means which make the aforementioned driving means drive, and the motor control means which carries 
out the rotation drive of the aforementioned motor at least more than the formation interval of the 
aforementioned section which can be stopped so that it may tilt to a side 

[Claim 4] The aforementioned lock control means are steering control units for vehicles according to 
claim 3 which it has further in a failure judging means judge it as what failure generated in the lock 
mechanism by the aforementioned tilting member and the rotation member when the rotation of the 
aforementioned motor obtained based on the detection result of the aforementioned rotation position 
detection means becomes more than the formation interval of the aforementioned section which can be 
stopped. 

[Claim 5] The aforementioned lock control means are steering control units for vehicles according to 
claim 1 equipped with the tilting control means which make the aforementioned driving means drive, 
and a motor control means to make the aforementioned motor reciprocate in the predetermined range so 
that the aforementioned tilting member may estrange from the aforementioned rotation member. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the steering control unit for 

vehicles equipped with the transfer-ratio adjustable mechanism. 

[0002] 

[Description of the Prior Art] The steering control unit which carried from the former the transfer-ratio 
adjustable mechanism in which the transfer ratio between the steering angle of a steering handle and 
****** Q ^ ****** was changed j s known. For example, the steering control unit which equipped JP-,1-1- 
34894,A with the lock mechanism which locks the differential mechanism in such a transfer-ratio 
adjustable mechanism is indicated. This lock mechanism is the mechanism in which the heights of the 
lock arm fixed to the motor housing side are stopped, to the crevice of the body of revolution fixed to 
the motor axis of rotation of a transfer-ratio adjustable mechanism. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, since a lock mechanism was a mechanism with which 
a crevice and heights are made to engage, the physical relationship of the crevice of body of revolution 
and the heights of a lock arm was not in agreement, at the time of a lock, there may be no lock from 
skillful ****,. and there was a case where there was no lock release in skillful ****, by the bite lump by 
the lock arm and body of revolution at it at the time of lock release. 

[0004] this invention is made that such a technical problem should be solved, and the purpose is in 
offering the steering control unit for vehicles which may operate the lock mechanism of a transfer-ratio 
adjustable mechanism certainly. 
[0005] 

[Means for Solving the Problem] Then, the steering control unit for vehicles concerning a claim 1 A 
transfer-ratio adjustable means to be the steering control unit for vehicles which performs steering 
control of vehicles, to have the output shaft connected with an input-shaft [ which is connected with a 
steering handle side ], and ****** side, and to change the transfer ratio between input- shaft-output 
shafts by the rotation drive of a motor, A rotation position detection means to detect the rotation position 
of a motor, and the tilting member supported free [ tilting ] to the stator side which constitutes a motor, 
The driving means to which a tilting member is made to tilt, and the rotation member which is fixed to 
Rota which constitutes a motor and has the section in which a tilting member and a stop are possible, 
and which can be stopped at intervals of predetermined, Motion control of a motor is performed with the 
motion control of driving means, and the lock control means which control a stop with a tilting member 
and a rotation member and stop release are had and constituted, 

[0006] Although the lock and lock release of a differential mechanism in a transfer-ratio adjustable 
means are made by a stop with a tilting member and a rotation member, and stop release, in addition to 
the motion control of driving means, lock control means perform motion control of a motor in this case, 
thereby — the time of a lock ~ rotation — when it becomes possible to certainly make in agreement the 
physical relationship of the section of a member which can be stopped, and a tilting member and the bite 
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lump has arisen between the tilting member and the rotation member at the time of lock release, control 
of which this bite lump is canceled in operating a motor can be carried out 

[0007] lock control means [ in / a claim 1 / in the steering control unit for vehicles concerning a claim 

2 ] — a tilting member — rotation - a member - the rotation detected by the tilting control means which 
make driving means drive so that it may tilt to a side, and the rotation position detection means — the 
rotation position of a member and the rotation drive motor control / motor / means based on a position 
error with the section which can be stopped are had and constituted 

[0008] tilting control means — a tilting member - rotation — a member - a rotation member is rotated 
by the motor control means to the section which can be stopped based on the position error which got 
mixed up with this control and was detected at the same time it makes it tilt in a side, i.e., the lock 
direction Thereby, a rotation member and a tilting member can be stopped certainly. 
[0009] lock control means [ in / a claim 1 / in the steering control unit for vehicles concerning a claim 

3 ] - a tilting member — rotation — a member — the tilting control means which make driving means 
drive, and the motor control means which carries out the rotation drive of the motor at least more than 
the formation interval of the section which can be stopped are had and constituted so that it may tilt to a 
side 

[0010] rotating a rotation member at least by the motor control means more than the formation interval 
of the section which can be stopped, after making a tilting member tilt in the lock direction by tilting 
control means — rotation — since the section of a member which can be stopped serves as the situation of 
surely passing through the position which faces a tilting member, a rotation member and a tilting 
member can be stopped certainly 

[001 1] When the rotation of the motor by which the lock control means in a claim 3 are obtained based 
on the detection result of a rotation position detection means becomes more than the Formation interval 
of the section which can be stopped, the steering control unit for vehicles concerning a claim 4 equips 
further the lock mechanism by the tilting member and the rotation member with a failure judging means 
judge it as what failure generated, and constitutes. 

[0012] Although rotation of a motor will stop if a rotation member stops with a tilting member, when 
failure occurs in a lock mechanism, a tilting member and a rotation member do not stop mutually, but a 
motor continues rotation more than the formation interval of the section which can be stopped. This 
situation is judged by the failure judging means. 

[0013] The steering control unit for vehicles concerning a claim 5 equips with and constitutes the tilting 
control means which make driving means drive, and a motor control means to make a motor reciprocate 
in the predetermined range so that a tilting member may estrange [ the lock control means in a claim 1 ] 
from a rotation member. 

[0014] Although a tilting member is made to tilt by tilting control means at the time of lock release so 
that it may estrange from a rotation member, a motor is made to reciprocate in the predetermined range 
by the motor control means at the time of this control processing, thereby — a tilting member — 
receiving — rotation— it will be in the state where the section of a member which can be stopped 
displaces in vibration, and it acts so that the bite lump between a tilting member and a rotation member 
may be canceled by this movement 
[0015] 

[Embodiments of the Invention] Hereafter, with reference to an accompanying drawing, it explains 
about the operation gestalt of this invention. 

[0016] The composition of the steering control unit which equipped drawing 1 with the transfer-ratio 
adjustable mechanism concerning the 1st operation gestalt is shown. 

[0017] The transfer-ratio adjustable mechanism 100 has the input shaft 20 connected with the steering 
handle 10 side, and the output shaft 40 connected with Wheel FW side, and has formed the steering 
angle sensor 60 which detects steering angle thetah of the steering handle 10 to the input shaft 20. 
Moreover, the output shaft 40 is connected with the rack shaft 51 through the gear equipment 50 of a 
rack-and-pinion formula, and Wheel FW is connected with the both sides of the rack shaft 5 1 . 
[0018] The transfer-ratio adjustable mechanism 100 is expanded and is roughly shown in drawing 2 . 
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The transfer-ratio adjustable mechanism 100 is equipped with the motor 110, the reducer 120, and the 
lock mechanism 130, and has the function to change the transfer ratio of the rotation between the input- 
shaft 20-output shafts 40. 

[0019] A motor 1 10 is equipped with the angle-of-rotation sensor 102 (refer to drawing 1 ) which 
detects angle-of-rotation thetam of a motor, and constitutes the servo motor which can control a rotation 
position while it is equipped with the stator 1 1 1 fixed in the motor housing 101, and Rota 1 12 supported 
free [ rotation in the motor housing 101 

[0020] The reducer 120 constitutes the epicyclic gear mechanism and is fixing the sun gear 121 located 
in a core to the axis of rotation 113 rotated in one with Rota 1 12. Moreover, to it, the planetary gear 122 
which revolves the circumference of a sun gear 121 around the sun is arranged at equal intervals, 
rotating around a sun gear 121, and each planetary gear 122 is supported free [ rotation ] with the carrier 
123 connected with the input shaft 20. The starter ring 124 formed in the inner skin of the motor housing 
101 is allotted, and the motor housing 101 is connected with an output shaft 40, and is constituted so that 
each planetary gear 1 22 may furthermore be surrounded. 

[0021] Moreover, the part shown by the A- A line between a motor 110 and a reducer 120 is equipped 
with the lock mechanism 130 which locks the differential mechanism of a transfer-ratio adjustable 
mechanism. This lock mechanism 130 equips with and constitutes the lock electrode holder 140 of a 
disk configuration, and the lock arm 150 which curved circularly, as shown in drawing 3 . 
[0022] It is fixed to the axis of rotation 113 which penetrates a core, and the lock electrode holder 140 
rotates the lock electrode holder 140, the axis of rotation 113, and Rota 1 12 in one. Moreover, the 
engagement crevice 141 is formed in the periphery section of the lock electrode holder 140 at the 
predetermined intervals. 

[0023] On the other hand, the lock arm 1 50 projects and forms in the lock electrode-holder 140 side the 
engagement heights 151 engaged in the engagement crevice 141 of the lock electrode holder 140. . 
moreover, the end face section of the lock arm 150 is supported free [ tilting ] centering on the support 
pin 152 by the support pin 152 fixed to the motor housing 101 — having - **** - the point of the lock 
arm 150 — electromagnetism — a coil 154 — having - this electromagnetism — the metal plate (magnet 
board) 155 fixed to the position which faces a coil 154 at the motor housing 101 side is arranged 
Furthermore, the other end of the spring 153 which fixed the end to the motor housing 101 is being fixed 
to the point of the lock arm 150. 

[0024] Thus, as the lock arm 150 is always energized by the operation of a spring 153 so that it may tilt 
to the lock electrode-holder 140 side centering on the support pin 152, and it is shown in drawing 3 , it 
will be in the state where the engagement heights 151 of the lock arm 150 enter in the engagement 
crevice 141 of the lock electrode holder 140, the lock electrode holder 140 and the lock arm 150 of each 
other are stopped, and, thereby, relative rotation with the motor housing 101 and Rota 1 12 is prevented. 
For this reason, the operation of the adjustable mechanism of a transfer ratio becomes impossible, and 
the transfer-ratio adjustable mechanism 100 will be in a lock state. 

[0025] on the other hand — electromagnetism — if energized by the coil 154 — between metal plates 155 
~ electromagnetism ~ as shown in drawing 4 , repulsive force [-like ] occurs, the lock arm 150 is tilted 
so that it may estrange from the lock electrode holder 140, the engagement heights 151 of the lock arm 
150 move out of the engagement crevice 141 of the lock electrode holder 140, and a stop with the lock 
electrode holder 140 and the lock arm 150 is canceled by the operation This will be in the state which 
the motor housing 101 and Rota 1 12 can relative rotate, and the transfer-ratio adjustable mechanism 100 
is the mechanism canceled of a lock state. 

[0026] If the angle of rotation of an output shaft 40 is set to output angle thetap here, since the relation 
of steering angle thetah, angle-of-rotation thetam of a motor 110, and output angle thetap will turn into a 
relation shown by (1) formula and the relation of steering angle thetah, output angle thetap, and a 
transfer ratio G will be prescribed by (2) formulas, (3) formulas can show angle-of-rotation thetam of a 
motor 110 from (1) formula and (2) formulas. In addition, "K M in a formula is the reduction gear ratio of 
a reducer 120. 
[0027] 
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thetap=thetah+K-thetam -- (1) 
thetap=G-thetah - (2) 
thetam=(G-l) -thetah/K - (3) 

Therefore, transfer-ratio control between the input- shaft 20-output shafts 40 can be performed by 
controlling angle-of-rotation thetam of a motor 110 according to steering angle thetah based on (3) 
formulas based on the set-up transfer ratio G. In addition, output angle thetap corresponds to the stroke 
position of the rack shaft 51, and further, since the stroke position of the rack shaft 51 corresponds to 
****** of Wheel FW, it can detect output angle thetap from (1) formula by detecting steering angle 
thetah and angle-of-rotation thetam, and can detect ****** of Wheel FW based on this detected output 
angle thetap. 

[0028] Thus, the transfer-ratio adjustable mechanism 100 to constitute and motion control of the lock 
mechanism 130 are carried out by the steering control unit 70, and based on each detection result of the 
steering angle sensor 60, the angle-of-rotation sensor 102, and the vehicle speed sensor 71, the steering 
control unit 70 outputs a control signal Is to a motor 110, and carries out drive control of the transfer- 
ratio adjustable mechanism 30. moreover ~ the time of a lock and lock release — electromagnetism — 
predetermined control of the energization control to a coil 154 etc. is carried out 

[0029] Here, the processing carried out with the steering control unit 70 is explained along with the flow 
chart of drawin g 5 . 

[0030] This flow chart starts by ON operation of an ignition switch. Since as for the inside of an OFF 
state the lock mechanism 130 of the transfer-ratio adjustable mechanism 100 operates and the ignition 
switch is in the lock state, first, it progresses to Step (a step is hereafter described as "S".) 200, and lock 
release control of which the lock state of the transfer-ratio adjustable mechanism 100 is canceled is 
performed. 

[0031] This lock release control is shown in the flow chart of drawing 6 . 

[0032] first - S202 - electromagnetism ~ energization is started in a coil 154 and driving force is given 
in the direction estranged from the lock electrode holder 140 to the lock arm 150 
[0033] In S204 continuing, the predetermined control signal Istartl specified beforehand is outputted to 
a motor 1 10. This control signal Istartl is a control signal set up beforehand, in order to make a motor 
110 reciprocate in vibration in the predetermined range, and sufficient range for the range made to 
reciprocate to cancel the bite lump by the engagement heights 151 of the lock arm 150 and the 
engagement crevice 141 of the lock electrode holder 140 is set up. And in S206 continuing, the angle of 
rotation thetam 1 of the motor 1 10 at the time of ending processing of S204 is read. 
[0034] In S208 continuing, the predetermined control signal Istart2 specified beforehand is outputted to 
a motor 110. This control signal Istart2 is a control signal beforehand set up so that the lock electrode 
holder 140 might rotate by the angle of rotation which serves as size from the formation width of face of 
the engagement crevice 141 . And in S2 10 . continuing, the angle of rotation thetam2 of the motor 1 10 at 
the time of ending processing of S208 is read. 

[0035] The deflection delta of an angle of rotation thetam2 and an angle of rotation thetam 1 is set up as 
delta=theta m2-thetaml, and it judges whether deflection delta is more than threshold deltath by S214 
continuing S212 continuing. This threshold deltath is taken as the angle of rotation of the motor 110 
corresponding to the formation width of face of the engagement crevice 141 in the lock electrode holder 
140. 

[0036] Consequently, when judged as "Yes" by S214, the lock electrode holder 140 is rotating more 
than the formation width of face of the engagement crevice 141, it can check that the stop with the lock 
arm 150 has been canceled by this, and this routine is ended as it is. On the other hand, when judged as 
"No" by S214, by some causes, such as a malfunction of a bite lump or the lock arm 150, can judge it as 
that by which stop release with the lock electrode holder 140 and the lock arm 150 was not carried out, 
progress to S216 in this case, the trouble indication lamp in which failure of the lock mechanism 130 is 
shown is made to turn on, an operator is told about generating of failure, and this routine is ended. 
[0037] Thus, immediately after ON operation of an ignition switch, lock release control shown by S202- 
S216 is performed. In addition, especially the order of processing of S202 and S204 may not limit, and 
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may be performed simultaneously. 

[0038] It progresses to SI 02, after returning to drawin g 5 again and performing lock release control 
(S200). In S102, the vehicle speed V detected by steering angle thetah detected by the steering angle 
sensor 60, angle-of-rotation thetam of the motor 110 detected by the angle-of-rotatiori sensor 102, and 
the vehicle speed sensor 71 is read, respectively. 

[0039] continuing ~ S - 104 ****-- drawing 7 - being shown - the vehicle speed — V — a transfer 
ratio — G — a relation -- being shown — a map — from — S — 102 - having read ■— the vehicle speed — V 
— a basis -- a map — reference — carrying out— the vehicle speed -- V — having responded— a transfer 
ratio — G — setting up — continuing — S 106 --**** - the above - (-- three --) -- a formula — using - 
S — 102 — having read 

[0040] In SI 08 continuing, the angle deflection e of target angle-of-rotation thetamm set up by SI 06 and 
angle-of-rotation thetam read by SI 02 is set up as e=thetamm-thetam. 

[0041] In SI 10 continuing, without overshooting, the control signal Is which controls a motor 1 10 is 
determined so that deflection e may be set to 0. As an example of this processing, a control signal Is can 
be determined by setting up the parameter of PID control appropriately based on the operation 
expression of Is=C(s) and e. In addition, (s) in a formula is the Laplacian operator. 
[0042] Processing after SI 02 mentioned above is repeated and performed until output the control signal 
Is determined by SI 10 to a motor 110inS112 continuing, drive a motor 110 according to a control 
signal Is, it progresses to SI 14 after this, and it judges whether OFF operation of the ignition switch (IG) 
was carried out, and returns SI 02 in "No" and is judged as "Yes" by SI 14. 

[0043] And when OFF operation of the ignition switch is carried out, it progresses to "Yes") and S300 
by (SI 14, and lock control which locks the transfer-ratio adjustable mechanism 100 is performed. 
[0044] This lock control is shown in the flow chart of drawing 8 . 

[0045] S3 10 — first — electromagnetism - the energization to a coil 154 is stopped This tilts the lock 
arm 150 to the lock electrode-holder 140 side centering on the support pin 152 according to the stability 
of a spring 153. 

[0046] In S3 12 continuing, angle-of-rotation thetam of the motor 1 10 in which the rotation position of 
the lock electrode holder 140 at this time is shown is read. 

[0047] The lock electrode holder 140 chooses as the steering control unit 70 nearby position thetamr 
which can be locked to angle-of-rotation thetam read by S312 by S314 which is made to memorize 
beforehand the rotation position in which the lock arm 150 and a lock are possible, and continues. 
[0048] And position thetamr which was chosen by S3 14 and which can be locked is treated as a target 
angle of rotation, and the same processing as S108-S1 12 which were mentioned above is carried out in 
S316-S320 which are carried out henceforth. 

[0049] By carrying out such lock control processing, since the rotation drive of the lock electrode holder 
140 is carried out to the position which can be locked, the engagement heights 151 of the lock arm 1 50 
are certainly inserted into the engagement crevice 141 of the lock electrode holder 140, and lock 
operation is ensured. 

[0050] Moreover, lock control of S300 can also be carried out as shown in drawing 9 . 
[0051] S330 [ first, ] - electromagnetism — after stopping energization of 154 to a coil, using the 
deflection Econst specified beforehand, a control signal Is is set up as Is=C(s) and Econst, and a motor 
1 10 is driven S332 according to the control signal Is set up by S332 by S334 

[0052] This deflection Econst is the value specified as angle deflection corresponding to the formation 
pitch of the engagement crevice 141 formed in the lock electrode holder 140, and lock operation is 
ensured, in order that the engagement crevice 141 of the lock electrode holder 140 may surely pass 
through the position which faces the engagement heights 151 of the lock arm 150, while the lock 
electrode holder 140 rotates by the formation pitch of the engagement crevice 141 . 
[0053] And it progresses after [ S336 ] predetermined-time progress, angle-of-rotation thetam of the 
motor 1 10 in which the rotation position of the lock electrode holder 140 at this time is shown is read, 
and angle-of-rotation thetam read by S336 judges whether it is the position which was memorized 
beforehand and which can be locked in S338 continuing. By this judgment, in "Yes", since it can check 
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that lock operation with the lock electrode holder 140 and the lock arm 150 has been ensured, this 
routine is ended as it is. In "No", the lock electrode holder 140 and the lock arm 150 did not stop 
mutually by a certain cause by S3 3 8, but the lock electrode holder 140 passed the position which can be 
locked, and it rotated, or means that rotation had stopped before the position which can be locked. In 
such a case, the trouble indication lamp in which it progresses to S340 and failure of the lock 
mechanism 130 is shown is made to turn on, an operator is told about generating of failure, and this 
routine is ended. 

[0054] In addition, when judged with "No" by judgment of S338, the processing after S330 can be 
repeated the number of predetermined times, and can be carried out, and it can also consider as a flow 
which progresses to S340 after that. 

[0055] Although the lock electrode holder 140 and the lock arm 150 are illustrated as a lock mechanism 
130 with the operation gestalt explained above, it does not limit to this configuration or arrangement 
state, and if it is the lock mechanism 130 which formed the crevice in one side and formed heights in 
another side, it will not limit especially. 

[0056] Moreover, lock operation and lock release operation which were explained with the operation 
gestalt cannot be limited to the explained example, and can be applied also to lock operation and lock 
release operation which are carried out at the time of a rack stroke and a hit, and the fail of a system. 
[0057] 

[Effect of the Invention] Since lock control means perform [ according to the steering control unit for 
vehicles concerning each claim ] motion control of a motor in addition to the motion control of driving 
means as explained above, at the time of a lock rotation ~ when it becomes possible to certainly make in 
agreement the physical relationship of the section of a member which can be stopped, and a tilting 
member and the bite lump has arisen between the tilting member and the rotation member at the time of 
lock release, it becomes possible to carry out control of which this bite lump is canceled in operating a 
motor Thus, it becomes possible to operate certainly the lock mechanism 130 of a transfer-ratio 
adjustable mechanism. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the steering control unit for 
vehicles equipped with the transfer-ratio adjustable mechanism. 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The steering control unit which carried from the former the transfer-ratio 
adjustable mechanism in which the transfer ratio between the steering angle of a steering handle and 
****** of ****** was changed is known. For example, the steering control unit which equipped JP,1 1- 
34894,A with the lock mechanism which locks the differential mechanism in such a transfer-ratio 
adjustable mechanism is indicated. This lock mechanism is the mechanism in which the heights of the 
lock arm fixed to the motor housing side are stopped, to the crevice of the body of revolution fixed to 
the motor axis of rotation of a transfer-ratio adjustable mechanism. 
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2 **** shows the word which can not be translated. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since lock control means perform [ according to the steering control unit for 
vehicles concerning each claim ] motion control of a motor in addition to the motion control of driving 
means as explained above, it is at the time of a lock, rotation ~ when it becomes possible to certainly 
make in agreement the physical relationship of the section of a member which can be stopped, and a 
tilting member and the bite lump has arisen between the tilting member and the rotation member at the 
time of lock release, it becomes possible to carry out control of which this bite lump is canceled in 
operating a motor Thus, it becomes possible to operate certainly the lock mechanism 130 of a transfer- 
ratio adjustable mechanism. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Thus, since a lock mechanism was a mechanism with which 
a crevice and heights are made to engage, the physical relationship of the crevice of body of revolution 
and the heights of a lock arm was not in agreement, at the time of a lock, there may be no lock from 
skillful ****, and there was a case where there was no lock release in skillful ****, by the bite lump by 
the lock arm and body of revolution at it at the time of lock release. 

[0004] this invention is made that such a technical problem should be solved, and the purpose is in 
offering the steering control unit for vehicles which may operate the lock mechanism of a transfer-ratio 
adjustable mechanism certainly. 

[Translation done.] 
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MEANS 



[Means for Solving the Problem] Then, the steering control unit for vehicles concerning a claim 1 A 
transfer-ratio adjustable means to be the steering control unit for vehicles which performs steering 
control of vehicles, to have the output shaft connected with an input-shaft [ which is connected with a 
steering handle side ], and ****** side, and to change the transfer ratio between input-shaft-output 
shafts by the rotation drive of a motor, A rotation position detection means to detect the rotation position 
of a motor, and the tilting member supported free [ tilting ] to the stator side which constitutes a motor, 
The driving means to which a tilting member is made to tilt, and the rotation member which is fixed to 
Rota which constitutes a motor and has the section in which a tilting member and a stop are possible, 
and which can be stopped at intervals of predetermined, Motion control of a motor is performed with the 
motion control of driving means, and the lock control means which control a stop with a tilting member 
and a rotation member and stop release are had and constituted. 

[0006] Although the lock and lock release of a differential mechanism in a transfer-ratio adjustable 
means are made by a stop with a tilting member and a rotation member, and stop release, in addition to 
the motion control of driving means, lock control means perform motion control of a motor in this case, 
thereby — the time of a lock — rotation — when it becomes possible to certainly make in agreement the 
physical relationship of the section of a member which can be stopped, and a tilting member and the bite 
lump has arisen between the tilting member and the rotation member at the time of lock release, control 
of which this bite lump is canceled in operating a motor can be carried out 

[0007] lock control means [ in / a claim 1 / in the steering control unit for vehicles concerning a claim 

2 ] — a tilting member — rotation - a member - the rotation detected by the tilting control means which 
make driving means drive so that it may tilt to a side, and the rotation position detection means -- the 
rotation position of a member and the rotation drive motor control / motor / means based on a position 
error with the section which can be stopped are had and constituted 

[0008] tilting control means — a tilting member - rotation - a member — a rotation member is rotated 
by the motor control means to the section which can be stopped based on the position error which got 
mixed up with this control and was detected at the same time it makes it tilt in a side; i.e., the lock 
direction Thereby, a rotation member and a tilting member can be stopped certainly. 
[0009] lock control means [ in / a claim 1 / in the steering control unit for vehicles concerning a claim 

3 ] — a tilting member — rotation - a member— the tilting control means which make driving means 
drive, and the motor control means which carries out the rotation drive of the motor at least more than 
the formation interval of the section which can be stopped are had and constituted so that it may tilt to a 
side 

[0010] rotating a rotation member at least by the motor control means more than the formation interval 
of the section which can be stopped, after making a tilting member tilt in the lock direction by tilting 
control means — rotation — since the section of a member which can be stopped serves as the situation of 
surely passing through the position which faces a tilting member, a rotation member and a tilting 
member can be stopped certainly 

[001 1] When the rotation of the motor by which the lock control means in a claim 3 are obtained based 
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on the detection result of a rotation position detection means becomes more than the formation interval 
of the section which can be stopped, the steering control unit for vehicles concerning a claim 4 equips 
further the lock mechanism by the tilting member and the rotation member with a failure judging means 
judge it as what failure generated, and constitutes. 

[0012] Although rotation of a motor will stop if a rotation member stops with a tilting member, when 
failure occurs in a lock mechanism, a tilting member and a rotation member do not stop mutually, but a 
motor continues rotation more than the formation interval of the section which can be stopped. This 
situation is judged by the failure judging means. 

[0013] The steering control unit for vehicles concerning a claim 5 equips with and constitutes the tilting 
control means which make driving means drive, and a motor control means to make a motor reciprocate 
in the predetermined range so that a tilting member may estrange [ the lock control means in a claim 1 ] 
from a rotation member. 

[0014] Although a tilting member is made to tilt by tilting control means at the time of lock release so 
that it may estrange from a rotation member, a motor is made to reciprocate in the predetermined range 
by the motor control means at the time of this control processing, thereby - a tilting member — 
receiving — rotation « it will be in the state where the section of a member which can be stopped 
displaces in vibration, and it acts so that the bite lump between a tilting member and a rotation member 
may be canceled by this movement 
[0015] 

[Embodiments of the Invention] Hereafter, with reference to an accompanying drawing, it explains 
about the operation form of this invention. 

[0016] The composition of the steering control unit which equipped drawing 1 with the transfer-ratio 
adjustable mechanism concerning the 1st operation form is shown. 

[0017] The transfer-ratio adjustable mechanism 100 has the input shaft 20 connected with the steering 
handle 10 side, and the output shaft 40 connected with Wheel FW side, and has formed the steering 
angle sensor 60 which detects steering angle thetah of the steering handle 10 to the input shaft 20. 
Moreover, the output shaft 40 is connected with the rack shaft 51 through the gear equipment 50 of a 
rack-and-pinion formula, and Wheel FW is connected with the both sides of the rack shaft 5 1 . 
[0018] The transfer-ratio adjustable mechanism 100 is expanded and is roughly shown in drawing 2 . 
The transfer-ratio adjustable mechanism 100 is equipped with the motor 1 10, the reducer 120, and the 
lock mechanism 130, and has the function to change the transfer ratio of the rotation between the input- 
shaft 20-output shafts 40. 

[0019] A motor 110 is equipped with the angle-of-rotation sensor 102 (refer to drawing 1 ) which 
detects angle-of-rotation thetam of a motor, and constitutes the servo motor which can control a rotation 
position while it is equipped with the stator 1 1 1 fixed in the motor housing 101, and Rota 112 supported 
free [ rotation in the motor housing 101 J. 

[0020] The reducer 120 constitutes the epicyclic gear mechanism and is fixing the sun gear 121 located 
in a core to the axis of rotation 1 13 rotated in one with Rota 112. Moreover, to it, the planetary gear 122 
which revolves the circumference of a sun gear 121 around the sun is arranged at equal intervals, 
rotating around a sun gear 121, and each planetary gear 122 is supported free [ rotation ] with the carrier 
123 connected with the input shaft 20. The starter ring 124 formed in the inner skin of the motor housing 
101 is allotted, and the motor housing 101 is connected with an output shaft 40, and is constituted so that 
each planetary gear 122 may furthermore be surrounded. 

[0021] Moreover, the part shown by the A- A line between a motor 110 and a reducer 120 is equipped 
with the lock mechanism 130 which locks the differential mechanism of a transfer-ratio adjustable 
mechanism. This lock mechanism 130 equips with and constitutes the lock electrode holder 140 of a 
disk configuration, and the lock arm 150 which curved circularly, as shown in drawing 3 . 
[0022] It is fixed to the axis of rotation 113 which penetrates a core, and the lock electrode holder 140 
rotates the lock electrode holder 140, the axis of rotation 113, and Rota 1 12 in one. Moreover, the 
engagement crevice 141 is formed in the periphery section of the lock electrode holder 140 at the 
predetermined intervals. 
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[0023] On the other hand, the lock arm 1 50 projects and forms in the lock electrode-holder 140 side the 
engagement heights 151 engaged in the engagement crevice 141 of the lock electrode holder 140. 
moreover, the end face section of the lock arm 150 is supported free [ tilting ] centering on the support 
pin 152 by the support pin 152 fixed to the motor housing 101 — having - **** ~ the point of the lock 
arm 150 — electromagnetism -- a coil 154 — having — this electromagnetism - the metal plate (magnet 
board) 155 fixed to the position which faces a coil 154 at the motor housing 101 side is arranged 
Furthermore, the other end of the spring 153 which fixed the end to the motor housing 101 is being fixed 
to the point of the lock arm 150. 

[0024] Thus, as the lock arm 150 is always energized by the operation of a spring 153 so that it may tilt 
to the lock electrode-holder 140 side centering on the support pin 152, and it is shown in drawing 3 , it 
will be in the state where the engagement heights 151 of the lock arm 150 enter in the engagement 
crevice 141 of the lock electrode holder 140, the lock electrode holder 140 and the lock arm 150 of each 
other are stopped, and, thereby, relative rotation with the motor housing 101 and Rota 1 12 is prevented. 
For this reason, the operation of the adjustable mechanism of a transfer ratio becomes impossible, and 
the transfer-ratio adjustable mechanism 100 will be in a lock state. 

[0025] on the other hand — electromagnetism — if energized by the coil 154 — between metal plates 155 
— electromagnetism — as shown in drawing 4 , repulsive force [-like ] occurs, the lock arm 150 is tilted 
so that it may estrange from the lock electrode holder 140, the engagement heights 151 of the lock arm 
150 move out of the engagement crevice 141 of the lock electrode holder 140, and a stop with the lock 
electrode holder 140 and the lock arm 150 is canceled by the operation This will be in the state which 
the motor housing 101 and Rota 1 12 can relative rotate, and the transfer-ratio adjustable mechanism 100 
is the mechanism canceled of a lock state. 

[0026] If the angle of rotation of an output shaft 40 is set to output angle thetap here, since the relation 
of steering angle thetah, angle-of-rotation thetam of a motor 110, and output angle thetap will turn into a 
relation shown by (1) formula and the relation of steering angle thetah, output angle thetap, and a 
transfer ratio G will be prescribed by (2) formulas, (3) formulas can show angle-of-rotation thetam of a 
motor 110 from (1) formula and (2) formulas. In addition, "K" in a formula is the reduction gear ratio of 
a reducer 120. 
[0027] 

thetap=thetah+ K-thetam - ( 1 ) 
thetap=G-thetah - (2) 
thetam=(G-l) -thetah/K - (3) 

Therefore, transfer-ratio control between the input-shaft 20-output shafts 40 can be performed by 
controlling angle-of-rotation thetam of a motor 110 according to steering angle thetah based on (3) 
formulas based on the set-up transfer ratio G. In addition, output angle thetap corresponds to the stroke 
position of the rack shaft 51, and further, since the stroke position of the rack shaft 51 corresponds to 
****** of Wheel FW, it can detect output angle thetap from (1) formula by detecting steering angle 
thetah and angle-of-rotation thetam, and can detect ****** of Wheel FW based on this detected output 
angle thetap. 

[0028] Thus, the transfer-ratio adjustable mechanism 100 to constitute and motion control of the lock 
mechanism 130 are carried out by the steering control unit 70, and based on each detection result of the 
steering angle sensor 60, the angle-of-rotation sensor 102, and the vehicle speed sensor 71, the steering 
control unit 70 outputs a control signal Is to a motor 110, and carries out drive control of the transfer- 
ratio adjustable mechanism 30. moreover — the time of a lock and lock release — electromagnetism — 
predetermined control of the energization control to a coil 154 etc. is carried out 

[0029] Here, the processing carried out with the steering control unit 70 is explained along with the flow 
chart of drawin g 5 . 

[0030] This flow chart starts by ON operation of an ignition switch. Since as for the inside of an OFF 
state the lock mechanism 130 of the transfer-ratio adjustable mechanism 100 operates and the ignition 
switch is in the lock state, first, it progresses to Step (a step is hereafter described as "S".) 200, and lock 
release control of which the lock state of the transfer-ratio adjustable mechanism 100 is canceled is 
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performed. 

[0031] This lock release control is shown in the flow chart of drawin g 6 . 

[0032] first — S202 — electromagnetism — energization is started in a coil 154 and driving force is given 
in the direction estranged from the lock electrode holder 140 to the lock arm 150 

[0033] In S204 continuing, the predetermined control signal Istartl specified beforehand is outputted to 
a motor 1 10. This control signal Istartl is a control signal set up beforehand, in order to make a motor 
1 10 reciprocate in vibration in the predetermined range, and sufficient range for the range made to 
reciprocate to cancel the bite lump by the engagement heights 151 of the lock arm 150 and the 
engagement crevice 141 of the lock electrode holder 140 is set up. And in S206 continuing, the angle of 
rotation thetaml of the motor 1 10 at the time of ending processing of S204 is read. 
[0034] In S208 continuing, the predetermined control signal Istart2 specified beforehand is outputted to 
a motor 110. This control signal Istart2 is a control signal beforehand set up so that the lock electrode 
holder 140 might rotate by the angle of rotation which serves as size from the formation width of face of 
the engagement crevice 141. And in S2 1 0 continuing, the angle of rotation thetam2 of the motor 1 10 at 
the time of ending processing of S208 is read. 

[0035] The deflection delta of an angle of rotation thetam2 and an angle of rotation thetaml is set up as 
delta=theta m2 -thetaml, and it judges whether deflection delta is more than threshold deltath by S214 
continuing S212 continuing. This threshold deltath is taken as the angle of rotation of the motor 110 
corresponding to the formation width of face of the engagement crevice 141 in the lock electrode holder 
140. 

[0036] Consequently, when judged as "Yes" by S214, the lock electrode holder 140 is rotating more 
than the formation width of face of the engagement crevice 141 , it can check that the stop with the lock 
arm 150 has been canceled by this, and this routine is ended as it is. On the other hand, when judged as 
"No" by S214, by some causes, such as a malfunction of a bite lump or the lock arm 150, can judge it as 
that by which stop release with the lock electrode holder 140 and the lock arm 150 was not carried out, 
progress to S216 in this case, the trouble indication lamp in which failure of the lock mechanism 130 is 
shown is made to turn on, an operator is told about generating of failure, and this routine is ended. 
[0037] Thus, immediately after ON operation of an ignition switch, lock release control shown by S202- 
S216 is performed. In addition, especially the order of processing of S202 and S204 may not limit, and 
may be performed simultaneously. 

[0038] It progresses to SI 02, after returning to drawin g 5 again and performing lock release control 
(S200). In SI 02, the vehicle speed V detected by steering angle thetah detected by the steering angle 
sensor 60, angle-of-rotation thetam of the motor 110 detected by the angle-of-rotation sensor 102, and 
the vehicle speed sensor 71 is read, respectively. 

[0039] continuing -- S — 104 --*+** - drawing 7 - being shown — the vehicle speed— V - a transfer 
ratio -- G -- a relation — being shown — a map — from — S — 1 02 — having read — the vehicle speed — V 
— a basis -- a map — reference - carrying out — the vehicle speed -- V - having responded — a transfer 
ratio — G — setting up — continuing -- S — 106 --**** — the above — (— three — ) — a formula -- using — 
S — 102 — having read 

[0040] In SI 08 continuing, the angle deflection e of target angle-of-rotation thetamm set up by SI 06 and 
angle-of-rotation thetam read by SI 02 is set up as e=thetamm-thetam. 

[0041] In SI 10 continuing, without overshooting, the control signal Is which controls a motor 1 10 is 
determined so that deflection e may be set to 0. As an example of this processing, a control signal Is can 
be determined by setting up the parameter of PID control appropriately based on the operation 
expression of Is=C(s) and e. In addition, (s) in a formula is the Laplacian operator. 
[0042] Processing after SI 02 mentioned above is repeated and performed until output the control signal 
Is determined by SI 10 to a motor 1 10 in SI 12 continuing, drive a motor 110 according to a control 
signal Is, it progresses to SI 14 after this, and it judges whether OFF operation of the ignition switch (IG) 
was carried out, and returns SI 02 in "No" and is judged as "Yes" by SI 14. 

[0043] And when OFF operation of the ignition switch is carried out, it progresses to "Yes") and S300 
by (SI 14, and lock control which locks the transfer-ratio adjustable mechanism 100 is performed. 
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[0044] This lock control is shown in the flow chart of drawing 8 . 

[0045] S3 10 — first - electromagnetism - the energization to a coil 154 is stopped This tilts the lock 
arm 150 to the lock electrode-holder 140 side centering on the support pin 152 according to the stability 
of a spring 153. 

[0046] In S3 12 continuing, angle-of-rotation thetam of the motor 1 10 in which the rotation position of 
the lock electrode holder 140 at this time is shown is read. 

[0047] The lock electrode holder 140 chooses as the steering control unit 70 nearby position thetamr 
which can be locked to angle-of-rotation thetam read by S3 12 by S3 14 which is made to memorize 
beforehand the rotation position in which the lock arm 150 and a lock are possible, and continues. 
[0048] And position thetamr which was chosen by S3 14 and which can be locked is treated as a target 
angle of rotation, and the same processing as S108-S1 12 which were mentioned above is carried out in 
S316-S320 which are carried out henceforth. 

[0049] By carrying out such lock control processing, since the rotation drive of the lock electrode holder 
140 is carried out to the position which can be locked, the engagement heights 151 of the lock arm 150 
are certainly inserted into the engagement crevice 141 of the lock electrode holder 140, and lock 
operation is ensured. 

[0050] Moreover, lock control of S300 can also be carried out as shown in drawing 9 . 
[0051] S3 30 [ first, ] — electromagnetism - after stopping energization of 154 to a coil, using the 
deflection Econst specified beforehand, a control signal Is is set up as Is=C(s) and Econst, and a motor 
1 10 is driven S332 according to the control signal Is set up by S332 by S334 

[0052] This deflection Econst is the value specified as angle deflection corresponding to the formation 
pitch of the engagement crevice 141 formed in the lock electrode holder 140, and lock operation is 
ensured, in order that the engagement crevice 141 of the lock electrode holder 140 may surely pass 
through the position which faces the engagement heights 151 of the lock arm 150, while the lock 
electrode holder 140 rotates by the formation pitch of the engagement crevice 141. 
[0053] And it progresses after [ S3 3 6 ] predetermined-time progress, angle-of-rotation thetam of the 
motor 1 10 in which the rotation position of the lock electrode holder 140 at this time is shown is read, 
and angle-of-rotation thetam read by S336 judges whether it is the position which was memorized 
beforehand and which can be locked in S338 continuing. By this judgment, in "Yes", since it can check 
that lock operation with the lock electrode holder 140 and the lock arm 150 has been ensured, this 
routine is ended as it is. In "No", the lock electrode holder 140 and the lock arm 150 did not stop 
mutually by a certain cause by S338, but the lock electrode holder 140 passed the position which can be 
locked, and it rotated, or means that rotation had stopped before the position which can be locked. In 
such a case, the trouble indication lamp in which it progresses to S340 and failure of the lock 
mechanism 130 is shown is made to turn on, an operator is told about generating of failure, and this 
routine is ended. 

[0054] In addition, when judged with "No" by judgment of S338, the processing after S330 can be 
repeated the number of predetermined times, and can be carried out, and it can also consider as a flow 
which progresses to S340 after that. 

[0055] Although the lock electrode holder 140 and the lock arm 150 are illustrated as a lock mechanism 
130 with the operation form explained above, it does not limit to this configuration or arrangement state, 
and if it is the lock mechanism 130 which formed the crevice in one side and formed heights in another 
side, it will not limit especially. 

[0056] Moreover, lock operation and lock release operation which were explained with the operation 
form cannot be limited to the explained example, and can be applied also to lock operation and lock 
release operation which are carried out at the time of a rack stroke and a hit, and the fail of a system. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the composition of the steering control unit concerning an 
operation gestalt. 

[Draw ing 2] It is the cross section showing a transfer-ratio adjustable mechanism. 

[Drawing 3] In the A-A line cross section in draw ing 2 , it is the plan of the lock mechanism which 

shows a lock state. 

[Drawin g 4] In the A-A line cross section in drawing 2 , it is the plan of the lock mechanism which 
shows a lock release state. 

[Drawing 5] It is the flow chart which shows adjustable control of a transfer ratio. 
[Drawing 6] It is the flow chart which shows lock release control. 

[Drawing 7] It is the map which specified the relation between the vehicle speed V and a transfer ratio 
G. 

[Drawing 8] It is the flow chart which shows lock control. 
[Drawing 9] It is the flow chart which shows lock control. 
[Description of Notations] 

FW [ - Transfer-ratio adjustable mechanism ] - A wheel (******), 10 - A steering handle, 100 
1 02 [ - Stator ] - An angle-of-rotation sensor, 1 1 0 — A motor, 111 

1 12 [ — A lock mechanism 140 / - A lock electrode holder (rotation member), 141 / — Engagement 
crevice (section which can be stopped) ] -- Rota, 120 - A reducer, 130 
150 — Lock arm (tilting member) 
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